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© Semiconductor device. 



© An N-lnP buffer layer (22) is deposited on an 
N~-lnP substrate (21), an InGaAs light-absorbing lay- 
er (23) is deposited on the buffer layer (22). an N~- 
InP cap layer (24) is deposited on the light-absorb- 
ing layer (23). and a P-type impurity region (25) is 
formed in the light-absorbing layer (23) and the cap 
layer (24). Next, a masking film is formed on the cap 
layer (24), and with this masking film serving as a 
mask, the cap layer (24). the light-absorbing layer 
(23), the buffer layer (22) are etched, thus forming a 
P-type electrode forming region (27) and an N-type 



electrode forming region (28). Next, an insulating 
film (29) is provided for the periphery portion of the 
P-type impurity region (25) of the cap layer (24). 
Electrode pads (33) and (34) having a laminated 
structure are formed respectively on the P-type and 
N-type electrode forming regions (27) and (28), and 
a non-metal member (35) is formed on the insulating 
film (29) and on the surface, the periphery and the 
side surface of the electrode' pad (33) of the P-type 
electrode. 
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The present invention relates to a compound 
semiconductor device, more specifically to an elec- 
trode structure capable of preventing deterioration 
of a semiconductor caused by a particular type of 
metal reacting there with, and enhancing the 
strength of mounting a metal electrode on a certain 
section so as to prevent the metal electrode from 
falling off, thereby increasing the reliability of the 
device, and simplifying the manufacturing process. 

Generally, an electronic device such as a tran- 
sistor or a diode, in which a compound semicon- 
ductor is used, or a compound semiconductor de- 
vice such as an optical device including a laser 
diode or photodiode, has a metal electrode de- 
signed for the connection with an external electric 
circuit. Conventionally, the connection between a 
metal electrode and an external electric circuit is 
carried out in the following manner. That is, with 
regard to one of the electrodes, a compound semi- 
conductor chip is mounted on a wiring pattern of a 
substrate, whereas with regard to the other elec- 
trode, a wire of Au, Al or the like is bonded. In this 
connecting method, a wire must be bonded, and 
therefore the manufacturing process becomes 
complex. The addition of the wire causes an in- 
crease in the electric capacity or inductance. 
Therefore, with the conventional method, it is dif- 
ficult to obtain the electrical performances which 
the compound semiconductor originally possesses. 

As a solution to this problem, recently, a so- 
called flip-chip type structure, capable of achieving 
the electrical connection by simply mounting a 
compound semiconductor device. The following is 
a description of the compound semiconductor de- 
vice, taking an example of the electrode structure 
in a semiconductor light-receiving element for op- 
tical communications. 

FIG. 1 is a cross section showing a conven- 
tional semiconductor light-receiving element of a 
flip-chip type, in which tight is made incident from 
the rear surface. The light-receiving element 6 con- 
sists of an N + -lnp substrate t. an N-lnP buffer layer 
2, an InGaAs light absorption layer 3 and an N~- 
InP cap layer 4. 

More specifically, first, the N-fnP buffer layer 2 
is provided on the N + -lnP substrate 1, and the 
InGaAs light absorption layer 3 is provided on the 
N-lnP buffer layer 2. Then, the N"-lnP cap layer 4 
is formed on the InGaAs light absorption layer 3. 

After that, for example, Zn is implanted selec- 
tively into the cap layer 4 as a P-type impurity, and 
a P-type impurity region 5 is formed in the light 
absorption layer 3 and the cap layer 4. Thus, a PN 
junction is formed between the P-type impurity 
region 5 and the light absorbing layer 3. Next, the 
cap layer 4, the light receiving layer 3 and the 
buffer layer 2 are etched, and these layers 4, 3 and 
2 are separated into a region 7 in which a P-type 



electrode is formed (P-type electrode formation 
region) and a region 8 in which an N-type electrode 
is formed (N-type electrode formation region). 

An insulating film 9 is provided on the cap 

5 layer 4 in the P-type electrode formation region 7. 
After that, a contact hole 9a is formed in the 
insulating film 9 at a location above the P-type 
impurity region 5. Next, a first electrode pad 13, 
which consists of a Ti layer 10. a Pt layer 11 and 

to an Au layer 12, is provided in the contact hole 9a 
and on the insulating film 9, and a second elec- 
trode pad 14, which consists of the Ti layer 10, the 
Pt layer 1 1 and the Au layer 12, is provided on the 
cap layer 4 of the N-type electrode formation re- 

75 gion 8. 

After that, solder bumps (not shown) are 
formed on the first and second electrode pads 13 
and 14. Next, a lens 15 is formed on the rear 
surface side of the N*-lnP substrate 1, on which 

20 light is made incident. A reflection preventing film 
16 is formed on the lens 15. 

FIG. 2 is a cross section showing an enlarged 
view of the main portion of the peripheral portion of 
the electrode obtained when the semiconductor 

25 light-receiving element shown in FIG. 1 is mounted 
on a mounting member. The flip-chip type semi- 
conductor light receiving element, to which light is 
applied from the rear surface, is mounted on the 
mounting member 18 on which an electrode pat- 

30 tern 19 which corresponds to each of the electrode 
pads 13 and 14 is formed in advance with solder 
bumps 17 by the thermal pressure adhesion meth- 
od. 

The semiconductor light receiving element 
35 does not require a wire for wiring, and therefore the 
manufacture process can be simplified, and de- 
creases in electric capacity and inductance can be 
suppressed. For the above-described reason, the 
above-described light receiving element has be- 
40 come the main focus of studies relating to the field 
of large capacity light receiving system, the de- 
mand of which has recently increased in recent 
times. 

In the conventional rear-surface light incident 
45 flip-chip type semiconductor light receiving ele- 
ment, a possible pattern for the electrode pattern 
19 is restricted, and therefore the area of the joint 
of the Ti layer 10. and the electrode forming re- 
gions 7 and 8 is rendered small as compared to 
so the area of the chip surface. As a result, a stress is 
concentrated on the joint of the Ti layer 10, and the 
electrode forming regions 7 and 8 after the semi- 
conductor light-receiving element is mounted on 
the mounting member 18, and therefore the semi- 
55 conductor light receiving element, in some cases, 
fall off from the joint. In short, in the conventional 
semiconductor light-receiving element, a sufficient 
junction strength, which is required for preventing 
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ted on the mounting member; 

FIG. 3 is a cross section schematically showing 

a region eroded by a solder component, in the 

periphery of the electrode when the flip-chip 

type semiconductor light-receiving element 

shown in FIG. I is mounted on the mounting 

member; 

FIG. 4 is a cross section showing a flip-chip 
type semiconductor light-receiving element in 
which light is made incident from the rear sur- 
face thereof, according to the first embodiment 
of the present invention; and 
FIG. 5 is a cross section showing a flip-chip 
type semiconductor light-receiving element in 
which light is made incident from the rear sur- 
face thereof, according to the second embodi- 
ment of the present invention. 
Embodiment of the present invention will now 
be described in detail with reference to drawings. 

FIG. 4 is a cross section showing a flip-chip 
type semiconductor light-receiving element in 
which light is made incident from the rear surface 
thereof, according to the first embodiment of the 
present invention. A light-receiving element 26 con- 
sists of an N + -lnP substrate 21. an N-tnP buffer 
layer 22, an InGaAs light-absorbing layer 23 and an 
N"-lnP cap layer 24. 

More specifically, first, the N-lnP buffer layer 
22 having a carrier concentration of 1 x 10' 5 cm" 3 
and a thickness of 2 urn is deposited on the 
surface of the N + -lnP substrate 21 by MOCVD 
(metal organic chemical vapor deposition) method. 
Then, the InGaAs light absorbing layer 23 having a 
thickness of 2 urn is deposited on the N-lnP buffer 
layer 22 by the MOCVD method. Next, the N"-lnP 
cap layer 24 having a carrier concentration of 1 x 
10' 5 cm" 3 and a thickness of 1 urn is deposited on 
the InGaAs light-absorbing layer 23 by the MOCVD 
method. 

After that, the first silicon nitride film (not 
shown) is deposited on the cap layer 24 by plasma 
CVD method. The first silicon nitride film is pat- 
terned by photolithography, and thus the first mask 
film (not shown) made of silicon nitride is formed 
on the cap layer 24. Next, the InP substrate 21 is 
placed in a diffusion furnace (not shown). Next, in 
an atmosphere of zinc dimethyl gas, under the 
conditions that the temperature is set to 500 *C 
and the time period is set to 30 minutes, zinc is 
selectively diffused ipto the ligfjt-absorbing layer 23 
and the cap layer 24, using the first masking film 
as a mask. Thus, a P-type impurity region 25 is 
formed in the light-absorbing layer 23 and the cap 
layer 24. Consequently, a PN junction is formed 
between the light-absorbing layer 23 and the P- 
type impurity region 25. 

Next, the first masking film is removed. After 
that, the second silicon nitride film (not shown) is 



deposited on the cap layer 24. The second silicon 
nitride film is patterned by photolithography, and 
thus the second masking film (not shown) made of 
silicon nitride is formed on the cap layer 24. With 

5 using of the second masking film as a mask, the 
cap layer 24, the light absorbing layer 23 and the 
buffer layer 22 are removed by wet etching. Next, 
the second masking film is removed, and a region 
27 in which a P-type electrode consisting of the 

w cap layer 24, the -light-absorbing layer 23 and the 
buffer layer 22 is formed (P-type electrode forming 
region), and regions 28 in each of which an N-type 
electrode is formed (N-type electrode forming re- 
gion) are formed. The P-type electrode forming 

is region 27 is situated between the N-type electrode 
forming regions 28. 

After that, an insulating film 29 made of, for 
example, a silicon nitride film, is provided on the 
periphery portion of the P-type impurity region 25 

20 on the surface of the cap layer 24. Next, a first 
electrode pad 33 having a multilayer structure is 
formed on the P-type electrode forming region 27. 
and a second electrode pad 34 having a multilayer 
structure is formed on each of the N-type electrode 

25 forming region 28. both by the vacuum deposition 
method. More specifically, a Ti layer 30 having a 
thickness of 100 nm is formed on the P-type elec- 
trode forming region 27, the P-type impurity region 
25 and the insulating film 29 by the vacuum depo- 

30 sition method, and a Pt layer 31 having a thickness 
of 100 nm is formed on the Ti layer 30 by the 
vacuum deposition method. Further, an Au layer 32 
having a thickness of 100 nm is formed on the Pt 
layer 31 by the vacuum deposition method. Thus, 

35 the first electrode pad 33 consisting of the Ti flayer 
30, the Pt layer 31 and trie Au layer 32 is formed 
on the P-type impurity region 25 and the insulating 
film 29, and the second electrode pads 34 each 
consisting of the Ti layer 30, the Pt layer 31 and 

40 the Au layer 32 are formed on the cap layers 24. 

The insulating film 29 serves to electrically 
insulate the first electrode pad 33 and the N~-lnP 
cap layer 24 from each other. The Ti layer 30 
functions as a contact layer for assuring the elec- 
ts trical contact with the InP cap layer 24 in each of 
the P-type electrode forming region 27 and the N- 
type electrode forming regions 28. The Pt layer 31 
functions as a barrier layer for preventing the mu- 
tual diffusion of metal elements between the Ti 

so layer 30 and the Au layer 32. The Au layer 32 is 
integrated with the solder bumps after the mount- 
ing step so as to achieve the electrical junction. 

Next, a non-metal member 35 made of a sili- 
con nitride film, is deposited on the first and sec- 

55 ond electrode pads 33 and 34 and the insulating 
film 29 by the plasma CVD method. After that, the 
non-metal member 35 is patterned by the pho- 
tolithography, and thus the non-metal member 35 



4 



a EPO( 

the falling-off of the device, cannot be obtained. As 
a solution to this problem, it may be considered 
that the area of the junction should be increased; 
however when the area of the junction is increased, 
the area of the PN junction is inevitably increased. 
With this increment, the electric capacity in the PN 
junction is increased, resulting in degradation of the 
performances of the semiconductor light receiving 
element. 

Further, as shown in FIG. 2, the solder bumps 
17 are melted on the electrode pad 13 and flows 
on the side surface of the electrode pad 13 in the 
mounting step. Consequently, a component such 
as Au or Sn, contained in the solder bumps 17 
which have remained on the side surface, is not 
blocked by the Pt layer 1 1 , which was supposed to 
serve as a barrier layer and prevent such entering 
of the solder components. Therefore, as shown in 
FIG. 3. the component flows onto the Ti layer 10, 
which is a contact layer, or underneath the layer. 
As a result, the component such as Au or Sn is 
diffused in the cap layer 4, which is a compound 
semiconductor region, and a region 20. which is 
made as the solder component erodes the cap 
layer 4. is formed. Due to the diffusion of Au or Sn. 
the PN junction of the semiconductor is destroyed, 
and the electrical or optical characteristics of the 
semiconductor element are degraded. The destruc- 
tion of the junction may occur in the process of the 
mounting step; however it gradually proceeds when 
the compound semiconductor device obtained after 
the mounting process is used in practice. This 
results in a low long-term reliability of the device, 
which is particularly a serious problem in the case 
of the large-capacity optical communication sys- 
tem, for example. 

In order to solve such a problem, the following 
idea has been proposed. That is, for example, the 
distance L from the contact hole 9a to the end of 
the first electrode pad 13 shown in FIG. 3 is 
increased so as to make the component Au or Sn 
not easily entering into the contact hole 9a. As the 
first technique, it is a possibility that the distance L 
is increased by expanding the first electrode pad 
13 by the periphery thereof. With this expansion, 
the periphery of the P-type impurity region 5 ex- 
pands outwards along the periphery of the first 
electrode pad 13. Consequently, the area of the PN 
junction of the P-type impurity region 5 increases 
to a certain degree; however it cannot be increased 
to a sufficient level due to the restrictions of elec- 
trical capacity. Therefore, the first technique is not 
very appropriate. As the second method, it is a 
possibility that the ..distance L is increased by re- 
ducing the size of the contact hole 9a of the 
insulating film 9. In this case, the contact area 
between the first electrode pad 13 and the elec- 
trode forming region 7 is made small; however it is 
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not desired to reduce the size of the contact area 
very much because of the restriction of the contact 
resistance. In practice, it is difficult to increase the 
distance L to a sufficient level. Thus, with the 
5 conventional technique, the problem of a low long- 
term reliability cannot be solved. 

The object of the present invention is to pro- 
vide a semiconductor device having a high reliabil- 
ity and a high contact strength of the element after 
io the element is mounted on the mount member. 

The object can be achieved by a semiconduc- 
tor device comprising: 

a semiconductor chip having a structure in 
which an electrode is provided on a semiconductor 
75 substrate; 

an electrode pad provided on the electrode; 

a non-metal member provided for a surface, a 
periphery and a side surface of the electrode pad; 
and 

20 a mounting member for mounting the semicon- 

ductor chip with solder, by using an upper surface 
of the electrode pad as a contact surface. 

According to the present invention, a non-metal 
member is provided for the surface, periphery and 

25 side surface of the electrode pad. With the mem- 
ber, the overflowing of the melted solder to the 
side surface of the electrode pad and the side 
surface of the electrode, which may take place 
when the semiconductor chip is mounted on the 

30 mounting member, can be prevented. With this 
structure, a component contained in solder does 
not overflow underneath the electrode . pad, and 
therefore the deterioration of the electrical or op- 
tical characteristics of the semiconductor chip can 

35 be prevented. Thus, the reliability of the semicon- 
ductor device is not deteriorated, ■. 

Further, with the non-metal member provided" 1 
for the surface, periphery and side surface of the 
electrode pad. the electrode pad is firmly fixed to 

40 the electrode. The electron pad can stand the 
tensile stress or dicing stress very remarkably as 
compared to the conventional semiconductor de- 
vice, in which no non-metal member is provided. 
Thus, the strength of preventing the falling-off of 

45 the semiconductor chip can be very much en- 
hanced. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
so which: 

FIG. 1 is a cross section showing a conventional 
flip-chip type semiconductor light-receiving ele- 
ment in which light is made incident from the 
rear surface thereof; 
55 FIG. 2 is a cross section showing an enlarged 
view of the main portion of the periphery of the 
electrode when the flip-chip type semiconductor 
light-receiving element shown in FIG. 1 is moun- 

3 
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According to the results of an accelerated deg- 
radation test carried out at an applied bias of 20V 
and at a temperature of 250 "C. the average life of 
the conventional flip-chip type semiconductor light 
receiving element is 1000 hours or less, whereas 5 
the average life of the semiconductor light receiv- 
ing device of 2000 hours or more. It was confirmed 
from the results that the life of the element could 
be drastically prolonged. The reason for being able 
to prolong the life of element is that the non-metal /o 
member 35 which covers the first electrode pad 33, 
serves as a protection layer for the electrode for- 
ming region 27, thus avoiding the entering and 
diffusion of a solder component element from the 
side surface of the first electrode pad 33. is 

Since the non-metal member 35 is provided for 
the side surface and the like of the first electrode 
pad 33, the non-metal member 35 can be used as 
a mask when the solder bump 36 is formed on the 
first electrode pad 33 by the electrolytic plating 20 
method. Therefore, the solder bump 36 can be 
easily formed at a desired position with accuracy, 
and thus the manufacturing process can be facili- 
tated, and the production cost can be reduced. 

The first embodiment is described in connec- 25 
tion with the case where the present invention is 
applied to a flip-chip type semiconductor light re- 
ceiving element to which light is made incident 
from the rear surface; however the present inven- 
tion is can be applied to other semiconductor de- 30 
vices, for example, electronic devices such as a 
light-emitting diode, a semiconductor laser, a high 
mobility transistor (HEMT), an electric field effect 
transistor (MISFET or MOSFET) and a hetero bi- 
polar transistor (HBT), or an optoelectronic IC ob- 35 
tained by combining these devices. I 

In the above embodiment, the present inven- 
tion is applied to an InP or InGaAs compound 
semiconductor device; however the invention can 
be applied to other compound semiconductor de- 40 
vices, for example. GaAs, AIGaAs, ZnSe or CdTe 
compound semiconductor devices. 

In this embodiment, the non-metal member 35 
made of silicon nitride is deposited on the first and 
second electrode pads 33 and 34; however it is 45 
also a possibility that a non-metal member made of 
silicon oxide or polyimide, is deposited on the first 
and second electrode pads 33 and 34. 

In this embodiment, the electrode pads 33 and 
34 /laving a three-layer structure made of the Ti . $0 
layer 30, the Pt layer 31 and the Au layer 32, are 
formed respectively on the first and second elec- 
trode pads 33 and 34; however it is also a possibil- 
ity that electrode pads having a metal layer made 
of one element selected from the group consisting 55 
of at least Ni, Pd, Pt, Rh and Ti are formed 
respectively on the P-type electrode forming region 
27 and the N-type electrode forming regions 28. 



In this embodiment, the electrode pads 33 and 
34 having a laminated-layer structure are formed 
respectively on the P-type electrode forming region 
27 and the N-type electrode forming regions 28; 
however it is also a possibility that electrode pads 
made of a single metal layer are formed respec- 
tively on the P-type electrode forming region 27 
and the N-type electrode forming regions 28. 

In this embodiment, the solder bump 36 con- 
taining Au and Sn is formed on each of the first 
and second electrode pads 33 and 34; however it 
is also a possibility that solder bumps mainly con- 
taining one element selected from the group con- 
sisting of at least Au, Sn, Pb and In are formed 
respectively on the first and second electrode pads 
33 and 34. 

FIG. 5 is a cross section showing a flip-chip 
type semiconductor light-receiving element in 
which light is made incident from the rear surface 
thereof, according to the second embodiment of 
the present invention, and the same structural ele- 
ments as those shown in FIG. 4 are designated by 
the same reference numerals. With regard to the 
second embodiment, only sections different from 
those of the first embodiment will be described. 

In the second embodiment, no solder bumps 
are formed on the first and second electrode pads 
33 and 34, and therefore solder must be supplied 
in a so-called preform, when a semiconductor light- 
receiving element is mounted on a ceramic carrier 
(not shown) of an exclusive use. The preform of 
solder is a lump having a predetermined size. The 
solder mainly contains one of at least Au, Sn, Pb 
and In. 

A preform lump of solder is placed on the 
ceramic carrier, and the solder is melted by heat. 
While the solder is in a molten state, the semicon- 
ductor light receiving element is mounted on the 
ceramic carrier, and the semiconductor light-receiv- 
ing element is fixed by the solder. 

In the second embodiment, the same advan- 
tage as that of the first embodiment can be 
achieved. 

In the second embodiment, solder is supplied 
in preform when mounting an light-receiving ele- 
ment; however it is also a possibility that solder is 
formed in advance on the exclusive-use ceramic 
carrier. 

Claims 

1. A semiconductor device characterized by com- 
prising: 

a semiconductor chip (26) having a struc- 
ture in which an electrode (27, 28) is provided 
on a semiconductor substrate (21); 

an electrode pad (33, 34) provided on said 
electrode (27, 28); and 
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is formed on the insulating film 29 and the surface, 
the periphery and the side surface of the first 
electrode pad 33. 

After that, a solder bump 36 made of Au and 
Sn is provided on each of the first and second 
electrode pads 33 and 34 by an electric plating 
method. Then, a lens-like resist (not shown) is 
formed on the rear surface, which is the light 
incident side, of the NMnP substrate 21. This 
resist and the entire rear surface of the N + -!nP 
substrate 21 are polished by ion milling, thus for- 
ming an InP monolithic lens 37 on the rear side of 
the InP substrate 21. Then, a reflection preventing 
film 38 made of silicon nitride is formed on the lens 
37 and the rear surface of the InP substrate 21 by 
the plasma CVD method. 

The flip-chip type semiconductor light receiving 
element, on which light is made incident from the 
rear surface, is mounted on the ceramic carrier (not 
shown) used only as a mounting member, by the 
solder bump 36 by thermal pressure adhesion 
method. Electrode patterns corresponding to the 
first and second electrode pads 33 and 34 are 
formed in advance on the surface of the ceramic 
carrier. Thus, the P-type electrode forming region 
27 and the N-type electrode forming regions 28 are 
electrically connected to the ceramic carrier via the 
solder bump 36 and the first and second electrode 
pads 33 and 34. 

In the first embodiment, the surface, the pe- 
riphery and the side surface of the first electrode 
pad 33 is covered by the non-metal member 35. A 
melted portion of the solder bump 36, which results 
when the semiconductor light receiving element is 
mounted on the ceramic carrier by the thermal 
pressure method, can be prevented from comina- 
around to the side surface of the first electrode pacf 
33. Consequently, the metal portion of the solder 
bump 36 can be orevented from changing prop- 
erties of the semiconductor (see numeral 20 in FIG. 
3), which is caused by diffusion of the metal por- 
tion into the semiconductor. Further, the melted 
portion of the solder bump 36 can be prevented 
from overflowing to the side surface of the P-type 
electrode forming region 27. More specifically, with 
the structure of the conventional flip-chip type 
semiconductor light receiving element, the melted 
portion of the solder bump overflows to the surface 
and the entire side surface of the electrode pad 
during the mounting step, and in, some cases, even 
reaches the P-type electrode forming region by 
pressure adhesion. Such overflow of solder bump 
results in formation of excessive MIS (Metal-Insula- 
tor-Semiconductor) structure, causing an increase 
in electrical capacity and a decrease in ESO (Elec- 
tro-Static-Discharge) threshold. In this embodiment, 
the side surface and the like of the electrode pad 
33 is covered by the non-metal member 35, which 
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suppress the diffusion of the melted portion of the 
solder bump 36. and therefore the melted portion 
does not overflow to the P-type electrode forming 
region 27. In other words, the non-metal member 
5 35 has a low wettability with respect to solder, and 
therefore the melted portion of the solder bump 36 
does not easily overspread. Thus, a melted portion 
of the solder bump 36 does not overflow to the 
side surface of the P-type electrode forming region 
jo 27. Consequently, a component contained in the 
solder bump 36, such as Au or Sn, does not diffuse 
to the Ti layor 30 or enter underneath the layer, 
and therefore the degradation of the electrical or 
optical characteristics of the semiconductor light 

is receiving element can be avoided. Consequently, a 
decrease in the reliability of the compound semi- 
conductor device can be prevented. 

When a material having a particularly low wet- 
tability with respect to the solder bump 36 is se- 

20 lected as the material for the non-metal member 
35. the above-described solder bump overflow sup- 
pressing effect can be further enhanced. 

Moreover, when the first electrode pad 33 is 
covered by the non-metal member 35, the elec- 
ts trode pad 33 is firmly fixed to the P-type electrode 
forming region 27. Consequently, the first electrode 
pad 33 can be made remarkably strong against the 
tensile stress or dicing stress, as compared to the 
conventional compound semiconductor device in 

30 which the electrode pad is not covered by the non- 
metal member 35. Thus, the resistance to the 
falling-off of the element (to be called "adhesion 
strength" hereinafter) can be significantly im- 
proved. That is, even if the area of the contact 

35 surface between the Ti layer 30 of the first elec- 
trode pad 33 and the P-type electrode forming 
region 27 is small as compared to the size of the 
chip, the falling off of the semiconductor light re- 
ceiving element from the mounting member, caus- 

<to ed by the concentration of the stress to this joint, 
can be prevented. In other words, the falling off of 
the semiconductor light receiving element from the 
mounting member, can be prevented without in- 
creasing the area of the joint. 

45 With regard to the conventional flip-chip type 

semiconductor light receiving element, the average 
adhesion strength of chips after being mounted is 
30 gf, whereas with regard to the flip-chip type 
semiconductor light receiving element of the 

so present invention, the average adhesion strength pf 
chips after being mounted is 80 gf. Therefore, 
errors due to lack of the mounting strength, caused 
by falling-off of the electrode can be significantly 
suppressed. With the present invention, a series of 

55 original characteristics of the flip-chip type semi- 
conductor light receiving element are as good as 
those of the conventional element. 
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a non-metal member (35) provided for a 
surface, a periphery and a side surface of said 
electrode pad (33, 34). 

2. A semiconductor device characterized by com- 5 
prising: 

a semiconductor chip (26) having a struc- 
ture in which an electrode (27, 28) is provided 
on a semiconductor substrate (21); 

an electrode pad (33, 34) provided on said w 
electrode (27, 28); 

a non-metal member (35) provided for a 
surface, a periphery and a side surface of said 
electrode pad (33, 34); and 

a solder bump (36) provided on a surface is 
of said electrode. 

3. A semiconductor device according to claim 2, 
characterized in that said solder bump (36) 
mainly contains one of the group consisting of 20 
at least Au, Sn, Pb and In. 

4. A semiconductor device characterized by com- 
prising: 

a semiconductor chip (26) having a struc- 25 
ture in which an electrode (27. 28) is provided 
on a semiconductor substrate (21); 

an electrode pad (33, 34) provided on said 
electrode (27, 28); 

a non-metal member (35) provided for a 30 
surface, a periphery and a side surface of said 
electrode pad (33, 34); and 

a mounting member for mounting said 
semiconductor chip (26) with solder, by using 
an upper surface of said electrode pad (33, 34) 35 
as a contact surface. 

5. A semiconductor device according to claim 1 , 
2 or 4, characterized in that said non-metal 
member (35) is made of silicon oxide, silicon 40 
nitride or polyimide. 

6. A semiconductor device according to claim 2 
or 5, characterized in that said electrode pad 

(33, 34) includes a metal layer made of at least 45 
Ni, Pd, Pt, Rh and Ti. 

7. A semiconductor device according to claim 2 
or 6, characterized in that said electrode pad 

(33, 34) is made of a single or a plurality of 50 
metal layers. 

8. A semiconductor device according to claim 7, 
characterized in that said solder (36) mainly 
contains one of the group consisting of at least 55 
Au, Sn, Pb and In. 
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1 Claims 1-14 : Light source whereby the light emitting diode is 
mounted on a substrate with the junction perpendicular to tne 
substrate . 

2 Claims 15-34 : Method for mounting a semiconductor dice on a 
substrate, whereby the die, attached on a flexible tape is brought 
to the bent edge of the tape where it is removed from it. 



■4SDOCID: <EP 0SeeCMOA3J_> 



4 



